Abstract We advance the real-option-based empirical analysis of commercial real estate investment in three respects. First, we test several real option implications for real estate construction that have not been examined in the commercial real estate investment literature. In particular and in line with the predictions of real option models, we show that the effects of real interest rate and the expected demand growth on hurdle rent become more negative when the market volatility is greater. Second, we use a cointegrating vector of office employment and office stock to provide a better control of the demand for new construction than traditional indicators based on real estate prices and vacancy rates. Third, whereas the existing studies focus on the U.S. commercial real estate markets, we study two major office markets in Asia, namely Singapore and Hong Kong. We rely on the local stock market in the two city states to derive forward-looking measures of office demand growth expectations.
analysis of real estate investment decisions focus mostly on the response of new construction to demand shocks. Studies of commercial office investment, for example, predict construction by lagged growth in office employment and lagged rents (Hekman 1985) , by lagged vacancy rates (Rosen 1984) and by lagged office stock relative to office employment (Wheaton 1987; Wheaton et al. 1997) . More recent studies allow construction decisions to be influenced also by the cost of capital and volatility as suggested by the real option theories. Sivitanidou and Sivitanides (2000) , for example, study office construction in the 15 largest U.S. metropolitan office markets from 1982 to 1998. Their findings show that construction decreases with the cost of capital and the volatility of the demand growth. Holland et al. (2000) report similar findings in a study of the aggregate construction of four categories of commercial real estate in the U.S. from 1972 to 1992.
The extant real-option-based empirical studies of real estate investment are inadequate in a number of respects. First, they leave several important real option implications untested. In particular, Li (1994, 2002) show that volatility not only delays irreversible investments but also influences the way the investment timing decision is affected by real interest rates and expected rental income growth. Capozza and Li (2001) is the only empirical study that examines the influence of volatility on the way construction responds to interest rate changes but fails to take adequate control of demand shocks in a cross sectional study of residential markets. In the present paper, we seek to examine how volatility affects the impact of interest rate changes and expected demand growth on construction in commercial office markets.
Second, the extant studies provide inadequate control of the demand for new construction. Sivitanidou and Sivitanides (2000) , for example, use the office rents relative to construction costs and office vacancy rates to account for the demand for new construction. However, the vacancy rate always converges to a normal vacancy rate as rents adjust to clear the market regardless of the gap between the building stock and its equilibrium level; hence the vacancy rate is a good indicator for price adjustment but a poor indicator for new construction demand. Furthermore, office rents and the construction costs are not necessarily cointegrated, since the difference between the two (in real terms) reflects the real land rent, which is typically nonstationary. Including this nonstationary regressor in the analysis leads to a misspecification of the construction model. Holland et al. (2000) overcome this problem of nonstationary regressors by differencing the construction quantity on the left-hand side of their regression equations and all the explanatory variables on the right-hand side. However, in so doing they eliminate much useful information on disequilibrium gaps contained in the price levels and, not surprisingly, find construction to respond hardly to the price changes. We propose a more satisfactory measure of the demand for new construction based on a stable long-run equilibrium relationship between the office stock and the office employment in a city. When combined, the office stock and office employment form a cointegrating vector, whose variation over time indicates the supply gap to be offset by new construction.
Third, the extant studies usually apply a myopic approach and construct the measures of expected demand growth and volatility based on past growth rates. Holland et al. (2000) represent an exception in that they use a forward-looking implied volatility measure derived from commercial real estate debt prices. Reliable prediction of building activities based on real option models requires forwardlooking measures of demand growth expectations. The present paper derives such a measure from the forward-looking behavior of local asset prices. Specifically, we employ the observations from Singapore and Hong Kong office markets to test the real option models. Both city states are major business centers in Asia and the local stock market indices reflect the demand for local business services and hence provide good signals for the forward-looking local office demand growth.
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The remainder of this paper is organized as follows. We summarize the implications of the real option models for real estate construction in "Real Option Rules for Real Estate Investment", which is followed by the discussion of our empirical model and data in "Model Specification and Data". We present our findings in "Empirical Findings" and conclude in "Conclusions".
Real Option Rules for Real Estate Investment
Real option models prescribe rules for the optimal timing of making irreversible investments. Such rules have important implications for asset prices. Real estate construction is an important class of irreversible investments. Titman (1985) is one of the first studies that examine how uncertainty can affect urban land prices. Helsley (1989, 1990) examine the implications of the optimal timing of land conversion at urban boundaries for urban land rents and prices. In their model, uncertainty raises the hurdle rent that the urban land rent must exceed at the boundary to trigger optimal conversion, delaying the land conversion and pushing up the urban land rent and price. Capozza and Sick (1994) provide a fuller analysis of the effect of demand growth, volatility and the risk premium on the hurdle rent and hence the price of developed land. Li (1994, 2002) extend the real option model of urban land conversion by allowing variable capital intensity in land development. Earlier empirical studies often focus on testing the real option implications for asset prices; examples include Capozza and Schwann (1989) and Quigg (1993) , who examine the influence of real options on the prices of urban land and commercial properties respectively. Capozza and Li (2001) , Sivitanidou and Sivitanides (2000) , and Holland et al. (2000) are among the early empirical work focusing directly on the influence of real options on investment behavior in real estate markets; each of these studies, however, focuses on a partial set of the real option implications for real estate investments. Our objective in the present paper is to test a set of real option implications that goes beyond the set of implications tested in extant empirical studies. This section summarizes the full set of real option implications for real estate investments as developed in the analytical work of Capozza and Sick (1994) and Li (1994, 2002) .
The real option rules for the optimal timing of irreversible real estate investment can be prescribed in terms of a hurdle rent X*. The underlying demand for real estate is indicated by rent level X, which grows at rate g and a diffusion variance σ 2 . The investment or conversion takes place as soon as X reaches X*; hence a higher X* implies a longer delay before X reaches the conversion trigger. Conversion takes place at a capital intensity K* on a given land parcel to produce floor area Q(K*). The choice of optimal K can influence the timing of conversion depending on the elasticity of substitution between capital and land. The hurdle rent X* equals the risk adjusted cost of capital r+ 8 /2 multiplied by the average capital cost of construction K* / Q(K*), as shown in Eq. (1):
where r is the real interest rate and
is the risk adjustment, which increases with the variance σ 2 (8 ≥0; 8 =0 when σ 2 =0) and interest rate r but decreases with the expected demand growth net of a risk premium, g − l. l is the risk premium associated with the systematic risk of the investment project. Equation (1) is a generalization of the Jorgensonian rule to invest when the cash flow equals the user cost of capital (Jorgenson 1963) . The optimal capital intensity K* is chosen such that the marginal revenue of K, Q′(K*) · X*, equals the interest rate net of the risk-adjusted growth rate, r − (g − l). The average cost of construction increases with the capital intensity as the marginal product of capital diminishes. When construction is a CES function of K (holding land area fixed) such that
ð Þ , with the elasticity of substitution π≥0, the average cost of construction is given by
where σ 2 / 8 varies from g/r<1 to 1 as σ 2 increases from 0 to ∞. Capozza and Li (2002) assume π<1, so that K* and the average construction cost at which the conversion takes place increase with volatility σ 2 and the risk-adjusted growth rate g − l, but decreases with r. Table 1 summarizes the comparative statics for hurdle rent X*, which forms the hypotheses for the empirical analysis in the present study.
Certainty Case
Under certainty σ 2 =0 and 8 =0, the growth rate g does not affect X* when the cost of construction is fixed. When capital is substitutable for land (π>0), a higher g raises X* as the land conversion will take place at a higher capital intensity K*. A higher interest rate r increases X* by raising the cost of capital; but when π is high, a higher r can decrease X* by reducing K*.
Uncertainty Case
A higher volatility or total risk σ 2 always increases X* and hence delays construction and increases the capital intensity K* at which the land is developed. Uncertainty makes the effect of g on X* more negative, as a higher g reduces the risk adjustment 8. Note that the risk premium l always offsets g and hence has an opposite effect on X* as g does. The effect of interest rate r on X* also depends on the volatility. Although a higher r always increases the risk-adjusted cost of capital r+ 8 /2, it reduces K* and the average cost of construction, with a stronger impact on K* when the volatility is higher.
Model Specification and Data

Model Specification
Following the literature, we postulate that new construction responds to demand indicators, the cost of capital, and variables embedded in real option theory. As explained in "Real Option Rules for Real Estate Investment", the last two factors are fully summarized by the hurdle rent X*. Table 1 spells out how the hurdle rent varies by the real interest rate r, expected demand growth g, risk premium l, volatility σ 2 and the elasticity of substitution π, as predicted by the real option models. A higher X* means that a greater gap between the demand and the available office stock (hence a higher X) is required in order to motivate new construction. Table 1 thus forms the hypotheses for testing the real option implications for office construction.
Let G denote the gap between the long-run equilibrium office stock and the presently available office stock OS. G is decreasing in OS. The percentage change in OS between period t and t−1 is denoted by Δ t ln(OS), where Δ t denotes difference 
where a 1 >0 indicates the speed at which new construction responds to the equilibrium gap in stock and X* represents the hurdle gap (without loss of generality we assume the hurdle gap to equal hurdle rent). Variables that raise hurdle rent X* reduce new construction. Extant studies employ three types of indicators to measure the gap G; they are (1) real estate prices or rents relative to construction costs, (2) vacancy rates, and (3) occupancy demand to available stock, where the occupancy demand equals total employment in the office-use sector multiplied by the space demand per employee that decreases with office rents. The first measure would result in a nonstationary G, as the difference between the rent and the construction cost is the land rent, which is likely to be nonstationary over time. Equation (3) would be misspecified if the stationary Δ t ln(OS) is to be regressed on a nonstationary G. The second measure reflects more the adjustment in rents required to clear the space market than the new construction required to restore the long-run equilibrium level of stock. The third measure suffers the similar problem as the second, as rents will always adjust to equate the occupancy demand with whatever amount of stock available in the market.
We propose to measure G with a cointegration vector between the office stock OS and office employment OE. Both OS and OE are endogenous variables but they will adjust so that
is a cointegration vector; in other words, G as defined by Eq. (4) is stationary in the long run. The elasticity parameter θ indicates a long-run equilibrating relationship between OE and OS: OS must grow θ percent in order to accommodate each percentage growth in OE or OE can only grow 1/θ of whatever percentage growth in OS that takes place. We expect θ to be less than unity due to improving efficiency in office space use over time. The sources of the efficiency improvement would include the introduction of more flexible office concepts where desk space is used more efficiently, the increase in digitalization and virtual meeting rooms which demand less space and a general tendency of companies to review their space consumption more effectively. We specify the hurdle rent X* as a linear function of the variables listed in Table 1 . In addition, we include the interactions between volatility σ 2 and the interest rate r and growth g to test how the effects of these two variables depend on the volatility. Thus:
where l n is a forward-looking measure of expected change in l, to be referred to as risk-premium news, to be explained shortly. At this point we need to be specific about the timing of the variables. The change in the stock Δ t ln(OS) is a consequence of investment decisions made several years in advance due to the construction lag. We find a lag of 3 years best fit our data and seems most plausible as land acquisition, planning and construction of high-rise office towers in both city states would require substantial time (Sivitanidou and Sivitanides (2000) find a delivery time for office construction between 3.2 and 3.6 years in the U.S.). Thus on an annual basis, we assume Δ t ln(OS) in year t to be influenced by the determinants of X* observed three years in advance at the end of year t−4. We further assume that at the end of t−4 the investors can project the office stock OS t−1 based on the stock OS t− 4 and the building project commencement information. The investors can also project employment at t−3, OE t−3 .
Combining Eqs. (3), (4) and (5), adding lagged adjustments, and according to the timing assumptions discussed above, we have the following empirical model of office construction:
where ε t is a random residual error. According to Table 1 , we expect that volatility σ increases X* (β 1 >0) and hence slows construction Δ t ln(OS). We also expect σ 2 to reduce the positive interest rate effect on X* (β 3 <0) and to strengthen the negative effect of growth expectation g on X* (β 6 <0). The sign of β 2 and β 4 will depend on the elasticity of substitution between capital and land; β 2 (β 4 ) would be positive (negative) when the elasticity of substitution π is low and negative (positive) when π is high. We have no direct measure of π; however, we will examine whether β 4 is more positive in the earlier part of our sample period when the capital intensity of office construction is relatively lower and the marginal product of capital may be higher. We expect that β 7 has the opposite sign of β 4 in line with relations in Table 1 .
The sign of β 8 is not a priori certain as the extant real option models assume a constant risk premium. We speculate that an anticipated rise in risk premium in the future will lower the current hurdle rent (β 8 <0), as the value of the option to wait is reduced due to anticipated higher cost of capital in the future.
Data and Variable Construction
We apply Eq. (6) to examine office construction in Singapore and Hong Kong. The office markets in both city states experienced tremendous growth since the beginning of 1980s; Appendix 1 provides a brief overview of the economic development in the two markets. For Singapore we have semi-annual observations (we denote observations in the first semi-annual period as S1 and second half as S2) Table 2 . The majority of the variables we use in our analysis are available from DataStream. These variables are described below.
Office Stock (OS)
OS represents the total existing floor area of private office space at the end of each observation period. The historic series have been developed by the Urban (6) This table describes the variables used in this study and reports their summary statistics. N is the number of observations over the sample period. Panel a shows the variables for Singapore, where observations are on a semi-annual basis (S1 stands for the 1st half and S2 for the 2nd half). Panel b shows the variables for Hong Kong, where observations are on an annual basis Given the large scale of some office buildings in major cities, office completions are often lumpy. We adjusted the 1986 OS in Hong Kong to allow for partial completion of a major office development completed in 1987. We did the same for Singapore for 1993 S1 office stock. The office stock grew on average by 2.8% per semi annual period in Singapore, with a standard deviation of 2.5%; in Hong Kong it grew by 5.7% per year, with a standard deviation of 4.6%.
Office Employment (OE)
Office employment is represented by the number of employees in finance, insurance and real estate (FIRE) industries. Employment in FIRE is often used to measure the demand for office space in extant office market studies (see, e.g., Wheaton 1987) . OE grew by 2.9% on average on a semi-annual basis in Singapore, with a standard deviation of 3.5%; in Hong Kong it grew by 5.8% per year, with a standard deviation of 5.0%. The FIRE employment grew to 363,000 in Singapore in 2006 and to 491,500 in Hong Kong.
It is interesting to note that the average annual FIRE employment growth is almost the same in both city states. In both cities, the office stock growth is lower than the FIRE employment growth. Also interesting to note is that the demand shocks are more volatile than the supply adjustment, as the standard deviation of the FIRE employment growth is larger than that of the office stock growth.
Real Interest Rate (r)
In Singapore we use 3-month interbank offered rate (SIBOR) to measure the market interest rate. The Singapore Monetary Authority (MAS) publishes SIBOR rate since 1988. We use UK 3-month interbank offered rate to extend SIBOR rate back to 1980 (the two series have a correlation coefficient of 0.99 between 1988 and 2006). The real interest rate r is computed as the average SIBOR of the 2nd quarter of the current semi-annual period and the 1st quarter of the next semi-annual period minus the 4 quarter forward CPI inflation rate. For Hong Kong, r is computed as the 4 quarter average 6-month HIBOR rate starting 1st quarter of the year minus the 4 quarter forward CPI inflation rate. The real interest rate averaged 5.0% per annum in Singapore and 1.4% in Hong Kong, although the rate is more volatile in Hong Kong. The lower but more volatile real interest rate in Hong Kong is to a large extent due to the currency board system, which pegs Hong Kong dollar to US dollar. The currency board system constrained Hong Kong's monetary adjustment to local inflation rate; the negative real interest rates experienced in Hong Kong during the mid 1990s were consequences of such monetary constraints.
Stock-market-based Forward-looking Variables
We take advantage of the active stock markets in the two city states to construct several forward-looking variables for this study, including (1) volatility or total risk, (2) risk premium for systematic risk, (3) demand growth expectations, and (4) risk premium expectations. We do so using the log-linear present-value accounting framework of Campbell and Shiller (1988a, b) . In this framework, an innovation in the stock-market excess return is accounted for by news about future cash flow growth, future risk premium (expected excess returns), and future interest rates. These news components can be estimated using a VAR model. We follow Campbell (1991) and use a VAR model of three variables, namely stock-market excess return, stock-market dividend yield, and money market rate, to estimate the innovation in the excess return and its constituent news components. Appendix 2 describes the methodology and the VAR estimates. We use Straits Times Index to represent the Singapore stock market and the Hang Seng Index for Hong Kong. These broad stock market indices would reflect the expectation for the overall local economic growth. We expect the office employment in the two city states, which generates the demand for office space, to be highly correlated with the general economy as these two economies are to a large extent driven by trade and business service export. Finance, trade and property sectors account for a major share of the market capitalization of the Hang Seng Index during our study period, whereas these sectors as well as export manufacturers account for a major share of the market capitalization of the Straits Times Index.
4 These sectors are the major drivers of office demand growth. It would be interesting to test whether our results change when an index with only financial firms is used for the analysis but unfortunately such an index is unavailable for the full sample period. However, the Dow Jones Total Market Index (DJTMI) and its financial sub-index are available for Singapore and Hong Kong over the period 1992-2008 and they are highly correlated, indicating that our results would not change much.
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Let z t denote the observed excess return of the stock market (total return minus the money market rate), d t the cash flow growth in period t, E t the expectation conditional on information available at time t, and ν t ≡(E t −E t−1 )z t the innovation in z t . The conditional expectations are computed based on the estimated VAR model using quarterly observations. The four stock-market-based variables in Eq. (6) are defined below (see Appendix 2 for a full description): 4 A potential issue with the proposed methodology is related to the locality of the stock market indices and the relation of the broad stock market indices with office demand. Constituent analysis of the Straits Times index and Hang Seng index shows that over 85% of the companies listed in the Straits Times at the end of 2006 are based in Singapore while for the Hang Seng the local presence was 53.6% and changes to over 70% if the Hong Kong and Shanghai Banking Corporation (HSBC) whose headquarter is officially located in London is taken into account. We also find that nine out of ten companies whose headquarter is not located in Hong Kong are from China whose economy is strongly linked to the economy of Hong Kong.
A positive η d,t means a higher expectation of future demand growth, whereas a positive η z,t means a higher expectation of future risk premium. Holland et al. (2000) measure the time varying beta of different real estate sectors as the source of variation in systematic risk. We focus our analysis on the time varying risk premium as the source of variation in systematic risk and assume the market beta for the office property sector to be constant over our study period. 6 
Empirical Findings
The estimates of Eq. (6) for Singapore are reported in Panel a of Table 3 . In Column 1, the long-run office stock elasticity with respect to office employment θ is jointly estimated with the determinants of the hurdle rent X*. We choose a sample period of 1984S1-2002S2 to estimate θ, as the office construction was very constrained in the last couple of years of our full sample period (hence the θ value would be underestimated using the full sample period). We obtain a θ estimate close to 0.7. In other words, the office stock in Singapore would grow by about 7% for each 10% growth in the office employment. The slower growth in the office stock in the long run relative to the employment growth shows the increase in office space efficiency over time. We find the estimate of a 1 to be highly significant, indicating that the hurdle rent adjusted office stock gap, G−X*, has a significant influence on the new construction. About 24% of the adjusted gap is closed by new construction each half year.
In column 2, we fix the long-run elasticity θ at 0.7 and examine the determinants of the hurdle rent X* over the sample period of 1984S1-2005S2. The determinants are generally highly significant and have the expected sign. The volatility, measured by s1 tÀ6 þ s2 tÀ7 ð Þ =2, has a very significant positive effect on X*. Real interest rate increases X* (β 2 >0). As the real option model predicts, we find that the real interest rate effect on X* decreases when the volatility is greater. We find that the growth rate g reduces X*, as expected under uncertainty when π, the elasticity of substitution between capital and land, is low. To examine whether the effect of g may be affected by π and the volatility, we interact g with two dummy variables, one selects the earlier part of our sample period (1984S1-1990S2) and other selects the periods when the volatility is greater than the median value. We find that the effect of g is more positive in the earlier period, possibly because the elasticity π is higher in the earlier period as the office density in CBD would be much lower then (hence the possibility of building at a higher floor-to-area ratio when the demand increases further). As expected, the negative effect of g on X* is much stronger during periods of relatively higher volatility. This result is consistent with the findings in Capozza and Li (2001) . Finally, we find that the current risk premium l increases X* and hence slows new construction but an expected increase in l in the future (a positive risk-premium news l n >0) lowers current X*. In column 3, we extend the sample period to include the last year in our sample, 2006, when the office market was very tight. The results remain unchanged but the R squared and the t statistics are generally smaller.
Panel a in Fig. 1 shows the trends in the equilibrium gap in office stock G and in the volatility σ1 t−6 +σ2 t−7 and the real interest rate in Singapore. The decreasing G from the early 1980s to the early 1990s appears consistent with the generally decreasing market volatility and the real interest rate during the period. The gap was rising in the late 1990s and early 2000s, reflecting the increased volatility during the period as the economy was affected by several shocks, including the Asian Financial This table reports the coefficient estimates of the response in office construction to the equilibrium gap in office stock G and the hurdle rent X*. The dependent variable is
Panel a reports the estimates for Singapore, where G ¼ q Á ln OE tÀ5 ð ÞÀln OS tÀ1 ð Þ, with t being a semi-annual period, and
ð ÞþC. Column I shows the regression for sample period 1984S1 to 2002S2. Column II and III show the results for periods 1984S1 to 2005S2 and 1984S1 to 2006S2, respectively , with the value of θ·fixed at 0.7. Panel b reports the estimates for Hong Kong, where G ¼ q Á ln OE tÀ3 ð ÞÀln OS tÀ1 ð Þ, with t being an annual period, and Table 3 . They are similar to those for Singapore, except that, with much fewer observations at the annual frequency, we cannot include as many variables on the right-hand side of the equation. In column 1, we have a θ estimate of 0.76. The higher elasticity of office stock with respect to office employment growth in Hong Kong may be due to a more restrictive definition of the office employment used in Hong Kong or due to a less intensive space-use technology. In column 2, we fix θ at 0.75 and examine the determinants of the hurdle rent X*. We find the volatility and the real interest rate to increase the hurdle rent, as expected. We find a positive effect of the income growth g on X*, perhaps reflecting a higher π in Hong Kong due to the generally more generous plot ratio limits for commercial buildings in Hong Kong. Again, as predicted by the real option theories, we find the effect of g on X* to be more negative when the volatility is greater. We find the current risk premium l to increase X* but the expectation for higher future risk premium l n to decrease X*, although the latter effect is only marginally significant. Panel b in Figs. 1 and 2 show the trends in the office employment to office stock gap, market volatility, real interest rates, risk premium and the news variables in Hong Kong. 
The lead period for G is chosen according to the construction lag
We double check the long-run equilibrium relationship between the office employment and the office stock by examining the covariation between the gap G 0 ¼ q Á ln OE t ð ÞÀln OS tÀ1 ð Þ and the real office rent index (we assume that the rental demand in period t−1 reflects the office employment in period t). We regress the log of real rental index RI on log of office employment, G′, and vacancy rate vr:
where the residual error ξ t may follow a first-order autoregressive process. Coefficient c 1 reflects the long-run elasticity of office supply (a higher elasticity results in a lower c 1 ), c 2 reflects the office market cycles due to the lags in the supply adjustment to demand shocks, and c 3 reflects the delay in rental adjustment to clear the space market. We expect c 1 to be positive due imperfectly elastic long-run supply of office space, c 2 to be positive as rent moves pro-cyclically to demand shocks, and c 3 negative for rent adjusts to clear the market (where υr converges to the normal vacancy rate). Table 4 reports the estimates of Eq. (7). We find c 2 and c 3 to be significant with expected signs in both office markets. We find c 1 much smaller in Singapore than in Hong Kong; the land supply for commercial office development is arguably more restrictive in Hong Kong than in Singapore. The estimates of c 2 appear comparable on the annual basis between the two markets. The residual error is more persistent in Singapore on a semi-annual basis than in Hong Kong on an annual basis, as expected. Overall, the θ values for Singapore and Hong Kong appear to be a good characterization of the long-run equilibrium relationship between the office stock and the FIRE office employment in these two markets. Figure 3 shows the office market cycles and trends in the two cites.
Conclusions
We have shown that the real option theories of land conversion Li 1994, 2002) are well capable at predicting the new office construction observed in the two leading Asian business and financial centers, namely Singapore and Hong Kong. We show that investors respond not only to the gap in the office stock relative to its equilibrium level but also to the changes in the hurdle rent over time due to changes in the market volatility, real interest rates, and the expectations about future office demand growth. The most interesting finding is that the volatility not only directly raises the hurdle rent and hence delays new construction but also influences how investment decisions respond to the real interest rate and the growth expectations. We find that the effect of the interest rate and the growth expectation on the hurdle rent become more negative when the volatility is greater, as predicted by the real option models. Few extant empirical studies examine how the effect of the real interest rate and the growth expectation interact with the demand uncertainty. The two city states, Singapore and Hong Kong, offer observations that allow us to examine these important implications of the real option model for real estate investment. Both cities experienced strong growth in the office space demand and significant fluctuations both in demand growth and in real interest rate. Moreover, the availability of the local stock market indexes enables us to construct a more 
where θ· has a fixed value of 0.7 for Singapore and 0.75 for Hong Kong. The sample periods are 1987S2-2006S2 and 1981-2006 , respectively, for Singapore and Hong Kong. t-statistics are in parentheses and are based on Newey-West HAC Standard Errors & Covariance (lag truncation=3 for Singapore and 2 for Hong Kong). *** denote statistical significance at 1% level, ** at 5% level, and * at 10% level reliable forward-looking measure of the expected demand growth, which is crucial for testing the implications of the real option model.
Our findings have important policy implications. Kling and McCue (1987) find that the decline in interest rates explains the overbuilding in U.S. office markets in the early 1980s. Our findings show that monetary policies designed to cool down real estate investment (by raising real interest rates) could be ineffective and may even produce opposite effects when the demand volatility is high. Furthermore, strong demand growth needs not necessarily accelerate new construction; we find that investors in Hong Kong and Singapore often delayed the new construction when the expectation about the future demand growth rose, consistent with the prediction of the real option model when capital and land are substitutes. Capping the plot ratio could be one way to discourage the delay in new construction when the expected demand growth is strong.
Our findings also suggest a useful direction to extend the real option models of irreversible investment. Extant real option models generally assume a constant risk premium. We show that anticipated changes in the risk premium can influence the timing of irreversible investments. In particular, our finding suggests that the current hurdle rent decreases when the future risk premium is expected to increase, a result yet to be corroborated by analytical modeling. Investors' expectations about future economic conditions are often capitalized in asset prices. The asset market where prices are most informative of the current economic news is perhaps the stock market. In this paper we make use of the stock prices to back out the market expectations. In particular, we employ the log-linear present-value equation proposed by Campbell and Shiller (1988a, b) to decompose innovations in market excess returns into news about future cash-flow growth, future risk premium (expected excess returns), and future money market rates.
Let z t+1 denote the log return of the stock market between time t and t+1 in excess of the money market rate m t+1 ; d t+1 the growth in cash flow between t and t+ 1; ρ<1 the long-run discount factor; and E t expectation conditional on the information available at time t. An innovation is defined as the change in the expectation between time t and t+1 upon the new information arriving at t+1. Thus the innovation in the excess return z t+1 is defined as n tþ1 E tþ1 À E t ð Þ z tþ1 ¼ z tþ1 À E t z tþ1 , i.e. the realized excess return at t+1 minus its expected value based on information available at time t. Following Campbell (1991) , the decomposition of n t+1 can be expressed as:
where η d , η z , and η m represent each of the summation in the first line of Eq. (8) and denote respectively the cash-flow growth news, the risk-premium news, and the money-market-rate news. We use the term "news" to refer to changes in expectations due to new information. Equation (8) states that a positive innovation in the excess return, ν t+1 , must reflect at least one of the following events: an increased expectation about future cash flow growth, a reduced expectation about future risk premium (expected excess return), or a reduced expectation about future money market rate. The market news η d , η z , and η m can be estimated using a VAR model based on the stock market excess return z t , log dividend yield y t , and the money market rate m t . Let vector w t ≡ [z t , y t , m t ]′. The VAR model can be written (assuming w is demeaned) as
where μ t+1 is a vector of residuals. The estimates of the VAR coefficients A for Singapore and Hong Kong are summarized in Table 5 . Let e1 be an index vector such that e1′·w t = z t . Similarly, e3 is an index vector such that e3′·w t = r t . Campbell and Shiller (1988a, b) show that, by the recursive property of the VAR equation, the news components can be computed as: Fu and Ng (2001) apply this methodology to computing the news components for both the property markets and the stock market in Hong Kong. They find positive correlation in the market news between the property markets and the stock market; however, the price adjustment to the news in the property markets is much slower than in the stock market.
We measure the volatility using a GARCH model of the variance in stock return innovations n 2 tþ1 . For Singapore n 2 tþ1 is weakly serially correlated and a GARCH (1,1) model is fitted based on quarterly n 2 tþ1 . For Hong Kong, n 2 tþ1 is not serially correlated and a GARCH(1,1) is fitted based on ðn tþ1 À 0:057 Á n t Þ 2 with a threshold order of 1 to allow for asymmetric effect of the market shocks on the persistent volatility. As the sample statistics in Table 2 show, the average values of the volatility measure are remarkably similar in the two cities. 
